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TAPEEED WING MOUNTED ON A BODY OF FINENESS EATIO 12 
EEASUTvED DUEING FREE FALL AT TRANSONIC SPEEDS 
By Jim Eogers Thompson and Charles W. Mathews 


SUMMARY 


The drag of a conf Ig’jration consisting of a hody of fineness 
ratio 12 with stahilizing tail sui'facsa and a 12 -percent •■thick, 30^^ 
swept -for'ward ■^■ring Laving an aspect ratio of h and a taper ratio 
of 2:1 has heeii measured at transonic speeds hy the free-fall method. 
Tile total drag and the drag of the wing were measured separately. 

These measurements, which were made as part of the NACA research 
program to determine optimum aerodynamic shapes and configurations 
for use in the transonic and supersonic velocity ranges, show that 
the dz’ag of the complete configuration rose almost linearly from 0.07 
of atmospheric pressure per unit' of frontal area at a Mach numher 
of 0.$0 to 0.30 of atmospheric pressure at a Mach nrmher of 1.02. 

The drag of the wing rose similarly from 0.0^7 of atmospheric 
pressure per rnit frontal area at a Mach number of 0*91 to 0.30 
at 0.98 and then increased more slowly to 0.3i+ of atmospheric pressure 
at a ?fe,ch n^'miber of 1.02. 

The presence of the swept -forward wing resulted in a largo 
unfavorable interference effect on the drag of tlie body -tail 
combination. These parts experienced aliiiost twice tho drag measured 
in previous tests of an identical body-tail combination without wings. 


INTRODUCTION 


The TIAOA^ is testing a scries of wing -body configurations by the 
free-fall me'thod (references 1 and 2) to investigate the transonic 
urag characteristics of possible airplane aierangemonts ha'ving 
different combinations of wing svcc-j), taper, and thickness- To make 
tile experimental data available as soon as possiblo, the results of 
each test are being published as soon as they have boon evaluated. 
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The present paper reports results obtained for one of the 
series; a config'aration consisting of a 30 ° swept -forward wing 
mounted on a body of fineness ratio 12 whose transonic drag 
characteristics were kaown from previous tests. 

Ihe results obtained from this test are presented as curves 
showing the variation of drag coefficient with Mach number for the 
complete configuration and for its component parts . The results 
are compared with those for an identical body without wings reported 
in reference 3 aiid for rectangular and swept -back airfoils movinted 
on a cylindi'ical body reported in references 2 and 4. 


APPAEATUS AND METHOD 


Te st body . - The general arraiigement of the test configuration 
is shown by the photographs (figs. 1 and 2), and its details and 
dimensions by the drawing (fig. 3 )* The body end tail were identical 
with the configuration of fineness ratio 12 whose tests were 
reported in reference 3 * The wing had a sweepforward of 30 °, 
measured at the quarter -chord line, and N/vCA 65 "012 sections perpen- 
dicular to tills line. The taper ratio was 2:1 and the aspect ratio, 
based on the wing area including that submerged within the body, 
was 4.0. The wing entered the body behind the maximum diameter 

through rectangular slots 2-^ by 26 jj inches and was attached to a 

spring balance within the body. These slots were filled by small 
wooden blocks movintod on the wing roots and shaped to preserve the 

body contour. Clearances of about inch were provided so that the 

end plates did not rub against the sides of the slots as the wing 
balance deflected under drag load. 

Measure ments . - Measurement of the desired quantities was 
accomplished as in the previous testa (references 3. and 2) through 
use of the NACA radio telemetering system and radar and photo- 
theodolite equipment. The follow’ing quantities were recorded at 
two separate ground stations by the telemetering system; 

1. The force exerted on the body by the wing as measured by a 

spring balance 

2. The total retardation of the complete configuration as 

measured by a sensitive accelerometer alined with the 
longitudinal axis of the body 
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3 • The total pressijre at an orifice located at the nose of the 
test tody as measured ty an aneroid cell 

A time history of the position of the tody with respect to 
ground axes during its fall vas recorded ty radar and photo theodolite 
equipment, and a survey of atmospheric conditions applying to the 
test was ottained from synchronized records of atmospheric pressure, 
temperatui'-e, and geometric altitude ditring the descent of the 
airplane from which the test tody was dropped. The direction and 
velocity of the horizontal component of the wind in the range of 
altitude for which data are presented were ottained from radar and 
phototheodolite records of the path of the ascension of a free 
balloon . 

de duction of data . - As in the previous tests, the velocity of 
the tody with respect to the ground, hereinafter referred to as 
ground velocity, during its fall was ottained both ty differentiation 
of the flight path determined by radar and phototheodolite equipment 
and ty integration of the vector suras of gravitional acceleration 
and the directed retardation measured by the longitudinal acceler- 
ometer. The true airspeed was ottained ty vectorially adding the 
ground velocity and the horizontal wind velocity measured at the 
appropriate altitude. 

The total drag was ottained ty multiplying the retardation a^ 
(in g units) by the weight of the conflgirration. The wing drag 
was ottained from the relation 


where 

R measured reaction between wing and body, pounds 

weight of wing assembly supported on spring balances, pounds 

The drag of the tody -tail combination was ottained ty subtracting 
the drag of the wing from the total 

The atmospheric pressixre p, the temperature T, and the 
appropriate frontal ai*ea F were combined with simultaneous values 

of true airspeed and drag to obtain — ratios for the complete 
configuration and its component parts and the J-iach number M. 
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area 


Values of conventional drag coefficient based on frontal 
C-r, vere obtained from the relation 

D 


_FP_ 
■ I ^ 


where the ratio of specific heats y was taken as 1.4. Wing drag 
coefficients based on plan area were obtained by multiplying 

Ct. by the ratio of wing frontal area (projected from the line of 

maximxim thicloaess) to plan area. Areas used did not include those 
enclosed by the body. 


Mach number was also obtained from the total -prtiBsure 
measurement by use of the relation 


M = 



where H is the measured total pressure and the other S 3 Tnbols are 
as previously defined. This expression does not include a cori'ection 
for the loss in total pressure through the normal shock wave which 
would appear in front of the orifice at supersonic speeds, as at the 
low supersonic speeds attained by this test body the correction would 
be negligible. 


EEEULTS AND DISCUSSION 


A time history of Important quantities obtained in the present 
test is presented as figure k. 

The ground velocity obtained for the test body from the acceler- 
ometer data is shown on figure 4 as a dashed line. The test body 
was tracked by the radar and phototheodolite equipment during the 
entire drop; however, due to relatively poor visibility conditions 
and rough tracking the theodolite photographs, which normally allow 
the data to be corrected for small tracking errors, were obtained 
only for about 6 seconds near the end of the drop. The ground 
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velocity computed from the radar and phototheodolite data during this 
period is shown by the test points. The data from the two different 
sources agree and the accelerometer data, corrected to true airspeed 
by use of the wind data, were used to compute the Mach number. 

Both this Mach number and the Mach number detennined from total - 
pressure measurements are plotted on the time history. They differ 
by a maximum of to. 02, which is within the expected limit of accuracy 
of the pressure measurement. The Mach number determined from the 
true airspeed data was used in the remainder of this paper and is 
believed accurate within ±0.01. 

The results of the tests are summarized on figure 5 where curves 
are presented which show the variations obtained for and 

for the complete configuration, for the wing, and for the body and 
tail. The wing drag coefficient Cp is also presented on this 

figure . 

As the spring balance with which the wing drag force was 
measured must withstand the high drag forces occurring at supersonic 
Mach numbers and high static pressxures (low altitudes), it is 
necessarily relatively insensitive to the small drags occurring at 
subcritical Mach numbers at low static pressixres (high altitudes). 

The drag parameters are therefore less accurate at the lowest Mach 
numbers for which data are presented than at the highest speeds 

attained. At M = O.85 the data of figure 5 are believed 

Fp -- 

accurate within tO.OOS, +0.006, and t0.02 for the complete configu- 
ration, the wing, and the body and tail, respectively. Corresponding 
values at M = 1.02 are ±0.004, tO.003, and ±0.01. The 

and Cjj values are somewhat less accurate due to the introduction 

of the Mach number values into the computation, the uncertainty 
in for the wing being about tO.OOl from M = O.85 to M = 1.02. 

In an effort to obtain the drag data as accurately as possible, 
the maximum balance deflection was chosen to correspond closely to 
maximum drag estimated from available information. The actual wing 
drags obtained were considerably larger than estimated and as a 
result full balance deflection occurred at M = 1.02 at ein altitude 
of 12,600 feet. (See fig. U.) No significant data were lost, however, 
as the high drag of the test configuration prevented it from attaining 
a Mach number greater than I.03. 

Figure 5 shows that for the complete configuration the drag rose 
almost linearly from 0.07 of atmospheric pressure per unit frontal 
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area st M = O.9 to O.3O of atmospheric pressure at M - 1.02. The 
win-? drag rose similarly from 0.0^7 of atmospheric pressuxe per unit 
fi-ontal area at M = O.9I to 0-30 at M = O.98 and then Increased 
more slovly to 0.34 of atmospheric pressure at M- = 1.02. The orag 
of the hody’and tail, vhich was determined hy suhtracting the wing 
drag from the total drag, rose linearly from O.08 of atmo.spheric 
pressirre at M = 0.'85 to D.,l6 at M = 0.975, then increased abruptly, 
to 0.25 of atmospheric pressure at M = 1.01. Considerable 
unsteadiness- was pres'snt in the drag values at Mach numbers ■ 
between 0.90 and 1.00. This unsteadiness is believed due to als..urbed 
flow condlUons at the wing -body Jimcture. 


■The drag -esults obtained for the swept -forward wing and results 
of previous tests of rectangular plan form and 45° swept- lack plan- 
form airfoils mounted, on cylindrical test bodies are compared in 
figu^-’e 6. ’■[ha airfoil section normal to the quarter -chord line, the 

sweep angle, the aspect ratio, and the reference from ^rhich the data 
were taken are given in the figure. The drag rise measured in 'he 
.present tests for the 50° swept -forward, 335 -percent -thick airfoil 
of aspect ratio 4 and taper ratio 2:1 agrees closely witli the drag 
rise for the -unswept airfoil of aspect ratio 5*^ 

(reference 2) . 

The results. of previous' tests presented in figure 6 illustrate 
the effects, of thickness tod aspect ratio for rects-ngular p.lan-form 
airfoils and the effect of' 45° sweepback for an untapei'ed airfoil. 
These results are not directly ccmparaole with the results of the 
present tost, however, because these airfoils were untapered, ^ were 
of different thiclmess, and w^ere mounted on long cylindrical bodies 
wliich they entered through open rectangular slots. Consideration of 
the flow about, the body shows that in the present test a port'lon of 
the wing near the root was in a region of increased velc .:ity due to^ 
the curvature of the fineness ratio 12 body . The drag of this portion 
of the wing would therefore begin to rise at a lower free-stream 
Mach number than; the drag of an identical wing mounted on a long 
cylindrical body where the excess velocities are negligible. For 
configurations similar to that tested, the drag of a tapered wing 
would tend to il-se more abrup'tly than the drag of an untapered wing 
since a larger part of the wing area would be located in the region of 
appreciable excess velocities . 


The drag of the body -tail combination, obtained by subtracting 
the drag of the wing from the measured to'fcal drag, is compai'ed i:.i 
figure 7 with the drag of an identical body "tail combination tested 
without wii.gs (reference 3). This comparison shows a jsxge luif'avor- 
able interference effect, the drag of the bodytail combination 
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"being almost doubled due to the presence of the wing. Presxmiably 
this large, rather I’nsteady interference drag results from disturbed 
flow conditions au the wj.ng -fuselage Juncture. 


CONCI.USIONS 


The drag of a coni'iguration consisting of a body of fineness 
ratio Vd with stabilizing tall surfaces and a 30 *^ swept-forward wing 
has been measured at transonic speeds by the free-fall method. The 
total drag and the drag of the wing were measured separately. The 
drag of the complete oorxf iguration rose almost linearly frt'm O.O 7 
of atmospheric pressure per unit fi-ontal area at a Ms-ch number 
of 0.90 to 0.30 of atmospheric pressure at a Mach number of 1.02. 

The drag of the wing rose simllariy from 0.04? of atmospheric pressiire 
per unit frontal area at a Mach m:mber of 0 . 9 I to O. 3 O at O .98 and 
then increased more slowly to 0.34 of atmospheric pressure at a 
Mach number of 1.02. 

The presence of the swept-forward wing resulted in a large 
unfavorable interference effect on the drag of the body -tail 
combination; these parts experienced almost twice the drag measiired 
in previous tests of an identical hody-tail combination without 
wings . 


Langley Memorial Aeronautical Laboratory 

National Advi.sory Committee for Aeronautics 
Langley FleD.d, Va. 
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Fig. 1 



Figure 1.- Three-quarter front view of test configuration. 
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Fig. 2 



Figure 2.- Top rear view of test configuration. 
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DIMENSIONS, soft: 


BODY 

FROM TAL 

AREA 

0545 

WING 

PLAN 

AREA 

3.000 

WING 

FRONTAL AREA 

.7 6 7 

TAIL 

PLAN 

AREA 

1 .E32 

TAIL 

FRON TAL 

AREA 

.074 

total 

FRONTAL AREA 

1 .366 
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TA/L-SECTION COORDINATES, I N. 


("N/iCA 

65-OIB section) 



CNACA 16 SERIES AIRFOtL) 
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Y 

y 

Y 

y 
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Figure 3. - General arrangement and dimensions of test configuration. 
All dimensions are in inches. 
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Fig. 4 
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Figure 4.- Time history of free fall of test configuration, 


Alfrtude, // 
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Figure 5.- Variation with Mach number of drag coefficients and D/F„ 

r' 

ratios for the complete configuration and its component parts. For 
each curve the drag parameter is based on the area of the specified 
component. 


Dnpg coefficient, Cp 
(Based on pion area of wmg) 
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Figure 6.- Comparison of wing drag results with those of previous tests. 
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with those of previous tests. 
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